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Abstract 
The partition coefficient (K) and diffusion coefficient (D) have a significant influence on the emission characteristics of volatile 
organic compounds (VOC) of porous building materials. Existing research of determining K and D are mostly by experimental 
method. However, the experimental data only applies to a particular condition and unable to get the action mechanism of main 
controlling factors on K and D such as temperature, VOC properties and microstructural parameters of building materials. In this 
study, we deduced the computational model of K based on the adsorption potential theory and developed a predicted model of D 
based on the fractal characteristics of porous building materials. To verify the accuracy of the models, the mercury intrusion 
porosimetry (MIP) tests and environmental test chamber experiments were conducted on a kind of medium density fiberboard 
(MDF) commonly used for decoration. The experimental results agreed well with the theoretical rule. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
Volatile organic compounds (VOC) released by modern building materials seriously affect the indoor air quality 
and make a great harm to the health of people [1]. The partition coefficient (K) on the interface between air and 
building materials and diffusion coefficient (D) inside the building materials, which are the two key parameters of 
VOC emission, will directly affect the VOC emission rate and indoor VOC concentrations.  
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Nomenclature 
Symbols 
At total cross-sectional area of the porous medium (m2)             
C equilibrium concentration of the gas phase adsorbate (μg/m3)  
Cm equilibrium concentration of the adsorbate at the adsorbent surface (μg/m3) 
Cm0 initial emittable concentration of the single-phase mass transfer model (μg/m3) 
Cequ,I VOC equilibrium concentration (μg/m3) 
d1 mean pore diameter of macropore  (m) 
d2 mean pore diameter of mesopore (m)  
D diffusion coefficient (m2/s)  
D1 fick diffusion coefficient (m2/s) 
D2 transitional diffusion coefficient (m2/s) 
De effective diffusion coefficient (m2/s) 
Dp pore area fractal dimension 
Dr mean diffusion coefficient (m2/s) 
Dt tortuosity fractal dimension 
K partition coefficient  
Km partition coefficient in the single-phase mass transfer model 
L0 characteristic length of the capillary along the diffusion direction (m) 
p equilibrium pressure of the gas phase adsorbate (Pa) 
p0 saturated vapor pressure under the test temperature (Pa) 
R ideal gas constant (8.314 J/(mol•K)) 
Ri    ratio of air/material volume 
V0 pore volume of per unit mass of the adsorbent (m3/mg) 
Vm volume of per unit mass of the adsorbent (m3/mg) 
 liquid molar volume of adsorbate (m3/mol)  
 
Greek symbols 
ε porosity 
ε1 porosity of macropore 
ε2 porosity of mesopore 
λmax maximum pore diameter (m) 
λmin minimum pore diameter (m) 
 
Abbreviations 
MDF medium density fibreboard 
MIP mercury intrusion porosimetry 
VOC volatile organic compounds 
VVL variable volume loading 
 
The existing methods for determining K and D are mainly divided into two categories. The first utilize the 
definition of the key emission parameters and calculate the parameters by designing the corresponding experimental 
system [2,3]. The second is to obtain the emission parameters by fitting the mass transfer model with some known 
parameters to the experimental data of VOC concentrations [4,5]. However, the emission parameters obtained by the 
above methods are specific values under fixed operating conditions which can only represent a single working pair 
of building material/VOC. 
Zhang et al. [6] deduced the expression of K according to Langmuir monolayer adsorption theory and established 
the functional relation between K and temperature. However, the fundamental view of Langmuir monolayer 
adsorption theory regard adsorption process as positioned monolayer adsorption, each adsorption sites can only 
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accommodate one adsorbate molecule [7]. It also assumes that the adsorption heat is constant and there's no 
interaction between the adsorbed molecules [8]. In fact, the non-uniformity of the solid surface will lead to the 
formation of different types of active centers. These different types of active centers show different affinity on the 
gas molecules. At the same time, a gas molecule may not be only absorbed by an activity center, it's likely to be 
adsorbed by the adjacent two or more than two active centers on the solid surfaces [9,10].  
The derivation of the theoretical model of gas diffusion coefficient in porous building materials lies in the 
characterization of the microstructure in porous building materials, such as pore morphology, tortuosity and pore 
size distribution. The exciting two diffusivity models, Blondeau’s model [11] and macro-meso two-scale model [12], 
their deduction of the mean diffusion coefficient are developed based on the continuous medium model with regular 
shape. The effective diffusion coefficients in the two models are calculated using the correction to the porosity and 
tortuosity. But there are still some flaws in the formulation of microstructure, the parameters involved in the two 
models cannot completely represent the characteristics of pore structures of porous building materials. 
In conclusion, the complexity of the pore characteristics of porous building materials and the difference of 
environmental temperature cause the diversity of gas adsorption and diffusion mechanism, which has led to the 
difficulty in grasping the VOC emission characteristics. Therefore, it's urgent to establish a relationship between 
pore characteristics, temperature and K, D. In this study, we analyzed the adsorption properties of the microstructure 
in porous building materials and derived the theoretical model of K by adsorption potential theory. In addition, 
through analysis of the mass transfer mechanism in porous building materials, combined with the fractal 
characteristics of pore size distribution, an analytical model of D was also developed. 
2. Methods 
2.1.
 
Theoretical derivation of the partition coefficient 
According to the previous research, it can be found that the pore size of porous building materials are mostly 
located in the macro, meso scale range. For the building materials with a large number of macro and meso pores, 
whose pore diameter is relatively large, the dispersion force can not be superimposed. The adsorption quantity α can 
be expressed by Freundlich adsorption equation for this kind of structure [13].  
0
0
( )mRTV p
pV
D                                                                                                                                                (1) 
Where V0 is the pore volume of per unit mass of the adsorbent;  V  is the molar volume of liquid adsorbate; p is 
the equilibrium pressure of the gas phase adsorbate; p0 is the saturated vapor pressure under the test temperature; m 
is a constant; R is the ideal gas constant; T is the thermodynamic temperature. 
In consideration of the equilibrium concentrations of the adsorbed phase and gas phase adsorbate are much lower 
than the saturation concentration. Henry's law is available to describe the transient and reversible equilibrium 
relation between the adsorption concentration on pore surface and the adsorbate vapor concentration [14].  
m
KC KC p
RT
                                                                                                                                                (2) 
Where C is the equilibrium concentration of the gas phase adsorbate; Cm is the equilibrium concentration of the 
adsorbate at the adsorbent surface.  
The adsorption quantity of per unit mass of the adsorbent is 
' mm m
KVV C p
RT
D                                                                                                                                             (3) 
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where Vm is the volume of per unit mass of the adsorbent. 
If the porosity ε is already known, K can be determined using Eqs. (1) and (3).  
1
0
( )mRTRTK
V p
H                                                                                                                                                    (4) 
Comparing with the single-phase mass transfer model, the partition coefficient K at the pore surface can be 
transformed as 
(1 )mK KH H                                                                                                                                                (5) 
where Km is the partition coefficient in the single-phase mass transfer model. 
2.2. Prediction model of the diffusion coefficient 
In this study, we assume that the mass transfer channels within the porous building materials are equivalent to a 
bundle of parallel capillaries. As shown in Figure 1, for the single capillary, the macro-meso two-scale model 
developed by Xiong et al. [12] is applied to process it. Xiong's main point is that macropores connect to other 
macropores through mesopores and that the mesopores connect to other mesopores through macropores, in other 
words, macropores and mesopores are connected in series. The representative elementary volume (REV) can be 
obtained when the macropore and mesopore with their respective mean diameter are in serious connection. The 
reference diffusion coefficient Dr meets the following expression: 
1 2 1 2
2 2
1 1 2 2[ (1 ) ]
r
D DD
D D
H H
H H T H T                                                                                                                           (6) 
where θ is defined as 2 2 21 2 1 2 2 1/ ( )d d dT H H H  , here d1, d2 are the respective mean pore diameters of macropore 
and mesopore;  1H , 2H  are the respective porosities of  macropore and mesopore; D1, D2 are the respective mean 
diffusion coefficients of macropore and mesopore, here, D1 is the fick diffusion coefficient and  D2 is the transitional 
diffusion coefficient which can be calculated by the mean diffusion coefficient calculation method proposed by 
Blondeau et al. [11].  
 
 
Fig. 1. Physical model of diffusion coefficient 
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The diameter distribution of a bundle of parallel capillaries at the cross section is random, but there is a particular 
regularity behind this disorder and random phenomenon. Fractal theory is available to describe this regularity. 
Therefore, in this study, the diameter distribution of the parallel capillaries is considered to obey the fractal power 
law [15]. Dr solved by Eq. (6) is the mean diffusion coefficient in a direct channel. In consideration of the fractal 
distribution characteristics of capillary bundles, the effective diffusion coefficient De can be corrected as 
3 13 3 3 1
0 max max min( )
4 (3 1)
p t pt t D D DD D
p
e r
t t p
D L
D D
A D D
S O O O                                                                                                            (7) 
where Dp is the pore area fractal dimension; Dt is the tortuosity fractal dimension; At is the total cross-sectional area 
of the porous medium; L0 is the characteristic length of the capillary along the diffusion direction; λmin is the 
minimum pore diameter; λmax is the maximum pore diameter. 
2.3. Experiment 
A kind of medium density fiberboard (MDF) which was commonly used in interior decoration was selected as 
the experimental subject. Microstructural parameters such as porosity and pore size distribution was obtained by the 
MIP tests. On the other hand, according to variable volume loading (VVL) method [3], we conducted the 
formaldehyde emission experiments of the MDF in an airtight environmental test chamber. Finally, we verified the 
accuracy of the theoretical model of K and D by comparing the experimental data and theoretical calculation values. 
The VVL method measures the ratio of air/material volume, Ri, and the corresponding VOC equilibrium 
concentration, Cequ,i, in the environmental test chamber. Linear fitting 1/Cequ,i and Ri by the following equation 
, 0 0
1 1 m
i
equ i m m
KR
C C C
                                                                                                                                    (8) 
where Cm0 is the initial emittable concentration of the single-phase mass transfer model. Cm0 and Km can be obtained 
according to the slope and intercept of the fitting line. 
The experimental apparatus of the VVL method mainly includes (1) an HJC1 environmental test chamber, whose 
dimensions are 1.65×0.92×2.04 m (L×W×H), the volume inside the chamber is 1 m3; (2) a Z300XP formaldemeter, 
whose measuring range for formaldehyde concentration is 0-30ppm, the resolution ratio is 0.01 ppm; (3) a 
temperature and humidity recording system is also included and is composed of a K type thermocouple thermometer, 
which is used to record the inner wall temperature of the environmental test chamber, and a wireless measurement 
device for the air temperature and relative humidity in the chamber, iButtonDS1923. 
 
 
Fig. 2. Schematic diagram of the experimental apparatus 
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3. Results 
3.1.
 
MIP tests 
MIP tests were conducted on the MDF, the pore size distribution is shown in Figure 3. In order to get the 
effective diffusion coefficients at different temperatures, the microstructure parameters of the MDF obtained from 
the MIP tests were substituted into the predictive model of the effective diffusion coefficient. The value of De are 
respectively 1.947, 1.954, 1.961 and 1.968×10-7m2/s at the temperature of 18°C, 23°C, 28°C and 33°C. With the 
increase of temperature, De increase gradually, but its sensitivity to temperature is not obvious. 
 
 
Fig. 3. Pore size distribution of MDF 
3.2.
 
Environmental test chamber experiments 
The chosen MDF was cut into five different sizes, corresponding to five different values of R. The environmental 
test chamber was sealed when the experiment started and the relative humidity was maintained at 45±5%. Each 
material sample was tested the emission situation of formaldehyde at 18°C, 23°C, 28°C and 33°C. Under each 
temperature condition, if the mean concentration of formaldehyde in the chamber change less than 1% in 1 hour, it 
is considered to reach the equilibrium concentration.  Linear fitting 1/Cequ,i and Ri by Eq. (8), the coefficient of 
determination obtained by linear regression are all more than 0.9, the goodness of fit is good. Cm0 and Km, which are 
calculated by the slope and intercept, are shown in Figure 4. With the increase of temperature, Cm0 and Km showed 
the opposite trend, Cm0 had nearly doubled, while Km felled by nearly half. With this combined effect, the 
equilibrium concentration of formaldehyde rose with increasing temperature in the airtight chamber.  
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Fig. 4. Linear regression for the determination of Cm0 and Km 
4. Discussion 
Once we got Km measured by VVL method and the porosity measured by MIP tests, Km could be translated into K 
in mass transfer model of porous media. The unknown parameter m in the theoretical model can be obtained by 
fitting the experimental date and the theoretical model, the fitting results is shown in Figure 5.  
 
 
Fig. 5. The fitting results of partition coefficient 
It can be seen from the fitting results that the experimental results and the theoretical values show a high degree 
of agreement, the coefficient of determination is 0.992. Therefore, the calculation accuracy of the theoretical model 
can be accepted. On the basis of the equation of K changing with temperature T, we can predict the partition 
coefficient of building materials at other temperatures. 
In order to predict the VOC concentration status in the environmental test chamber, we substituted the theoretical 
value of De into the mass transfer model of porous building materials and solved numerically. The accuracy of the 
predictive model of De can be verified when comparing the predicted concentrations with the experimental date. The 
comparisons at different temperatures are shown in Figure 6.  
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Fig. 6. Comparison between experimental data and theoretical values 
As shown in Figure 6, the calculated concentrations are well agreed with the experimental dates. Through the 
calculation of the relative errors in the measuring period, the mean relative errors of the predicted concentrations are 
all below 10% under the four temperatures. On account of this, the proposed model of effective diffusion coefficient 
can be considered reliable. But at the same time, it can be found that the predicted concentrations are all slightly 
smaller than the experimental date under the four temperatures. There are two possible reasons for this phenomenon, 
the first is the experimental errors when we conducted the MIP tests and environmental test chamber experiments; 
the second is some unconsidered factors, such as air humidity, which may play an important role in pore 
construction and VOC sorption. In this respect, further research efforts are deserved. 
5. Conclusions 
K and D are two key parameters influencing VOC emission characteristics of building materials. Accurate 
calculation of K and D has an important significance for the prediction of VOC emission. In this paper, through the 
theoretical and experimental study on VOC adsorption and emission mechanism, we got the following conclusions: 
(1) A calculation model of K was deduced based on adsorption potential theory after dissecting the adsorption 
principle of the microstructure in porous building materials. 
(2) A prediction model of D was developed based on the macro-meso two-scale model and the fractal 
characteristics of the pore size distribution in porous building materials. 
(3) The theoretical models of K and D took the impacts of temperature and microstructure parameters into 
consideration. Therefore, we can predict VOC emission characteristics under the condition of different temperatures 
and material properties, which is the basis of indoor VOC control principles and management methods.  
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